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Abstract The West Asian stripe-necked terrapin Mauremys
caspica is widespread throughout the Middle East—a region
for which only few phylogeographic studies are available.
Due to landscape alteration, pollution and intensification of
water management, M. caspica is increasingly threatened.
However, genetic diversity among and within populations is
poorly known, impeding the identification of management
units. Using a nearly rangewide sampling, we analyzed 14
microsatellite loci and mtDNA sequences in order to gain
insight into the population structure and history ofM. caspica.
In agreement with a previous study, we found two clusters of
mitochondrial haplotypes, with one cluster distributed in the
east and the other in the west of the range. However, our
microsatellite data suggested a more pronounced geographical
structuring. When null alleles were coded as recessive
with STRUCTURE 2.3.2, three clusters were revealed, with

one cluster matching roughly the range of the western mito-
chondrial cluster, and the composite ranges of the two other
microsatellite clusters correspond to the distribution of the
eastern mitochondrial cluster. Naïve STRUCTURE analyses
without correction for null alleles were congruent with respect
to the two eastern microsatellite clusters, but subdivided the
western cluster into two units, with an additional geographical
divide corresponding to the ‘Anatolian diagonal’—a well-
known high mountain barrier impeding exchange between
western and eastern taxa. In naïve analyses, the westernmost
microsatellite cluster (from Central Anatolia) is quite isolated
from the others, and its distinctness is also supported by
fixation indices resembling the values among the other three
clusters. One of the two eastern clusters is distributed in the
Caucasus region plus Iran, and terrapins from Saudi Arabia
and Bahrain constitute the second eastern cluster, supporting
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the view that these endangered populations are native.
Coalescent-based analyses of our microsatellite data reveal
for all four clusters bottlenecks 4,000–20,000 years ago, sug-
gesting that climatic fluctuations of the Late Pleistocene and
Holocene played an important role in shaping current genetic
diversity. We propose that each of the four identified clusters,
including the Central Anatolian one, should be treated as a
distinct management unit. The presence of non-native terra-
pins in the animal trade of Bahrain highlights the danger of
genetic pollution of the endangered Arabian populations.
Further sampling is needed to elucidate the situation in
southern and central Iran and Iraq. Our results confirm that
genetic data do not support the validity of any of the three
morphologically defined subspecies of M. caspica, and we
propose that their usage be abandoned.

Keywords Reptilia . Divergence dating . Endangered
species . Population structure . Subspecies

Introduction

The stripe-necked terrapin Mauremys caspica (Gmelin
1774) is a medium-sized freshwater turtle that is widespread
throughout the Middle East. It reaches a maximum shell
length of approximately 25 cm and is distributed from
Central Anatolia east- and southeastwards across Syria and
the Caucasus Region to Iraq and Iran; isolated relict popula-
tions are known from Bahrain and adjacent Saudi Arabia
(Anderson 1979; Fritz and Havaš 2007; Fritz and Wischuf
1997; Gasperetti et al. 1993). While the species is still com-
mon in many parts of its range, landscape alteration, pollution
and intensification of water management in Turkey (Bayazit
and Avci 1997; Harmancioğlu et al. 2001), Syria, Iraq
(Beaumont 1998; Garstecki and Amr 2011) and Iran
(Hashemi et al. 2012) are increasingly threatening the survival
of many populations (personal observation; cf. also Biricik
and Turğa 2011; Kinzelbach 1986). Of special conservational
concern are the Arabian populations (Anon. 2003) that are
confined to Bahrain, and the oasis complexes of Al Qatif, Al
Hufhuf and Al Uqayr, Saudi Arabia (Gasperetti et al. 1993).
There, the species faces the additional threat of the rapid
urbanization of its habitat and unsustainable use of freshwater.
However, Gasperetti et al. (1993) raised the question of
whether these isolated Arabian populations might result from
ancient introductions.

Until now, population structuring of M. caspica is poorly
known, impeding the identification of management units
(i.e., demographically largely independent populations with
low exchange rates, Palsbøll et al. 2011). A first phylogeo-
graphic investigation using the mitochondrial cytochrome b
(cyt b) and the nuclear C-mos genes found only weak differ-
entiation, with two mitochondrial haplotype clusters, one

occurring in the east and the other in the west of the range
(Fritz et al. 2008). This study did not shed light on the
possible non-native status of the Arabian populations, even
though a high diversity of mitochondrial haplotypes was
recorded for Bahrain.

In the present paper, we re-examine the phylogeography of
M. caspica using a nearly rangewide sampling. Besides
the mitochondrial cyt b gene, we use 14 rapidly evolving
microsatellite loci (Vamberger et al. 2011) to achieve a better
understanding of the phylogeography and population struc-
turing of M. caspica. In particular, we re-assess the status of
the critically endangered Arabian populations. Our results are
intended to serve as a means for future conservation projects
and to contribute to the scarce knowledge of the phylogeog-
raphy of Middle Eastern biota.

Materials and methods

Laboratory procedures

Saliva, tissue and blood samples of 124 stripe-necked terra-
pins from 37 localities were studied, covering most of the
species’ range except Iraq (Table S1). Samples were preserved
in ethanol or EDTA buffer (Arctander 1988) and stored at
–80 °C in the tissue sample collection of the Museum of
Zoology, Senckenberg Dresden, until processing.

DNA was isolated using the InnuPREP DNA Mini Kit
(Analytik Jena, Jena, Germany) or the NucleoSpin Tissue Kit
(Macherey-Nagel, Düren, Germany). For each sample, 14
unlinked microsatellite loci as characterized by Vamberger et
al. (2011) were studied. Four or five loci each were combined
in multiplex PCRs. The final volume of each multiplex PCR
was 10 μl containing 0.5 U Taq polymerase (Bioron,
Ludwigshafen, Germany) with the buffer recommended by
the supplier and a final concentration of 1.5 mM MgCl2
(Bioron), 0.2 mM of each dNTP (Fermentas, St. Leon-Rot,
Germany), 0.25 μg bovine serum albumin (Fermentas), ap-
proximately 10–20 ng of total DNA, and different concentra-
tions of primers, ranging from 0.05 μM to 0.7 μM. The
forward primers were fluorescent-labelled. The PCR cycling
conditions were as follows: 35 cycles with denaturation at 95 °
C for 30 s but for 15 min for the first cycle, annealing at 56 °C
for 30 s, and extension at 72 °C for 30 s but 30min for the final
cycle. PCR products were diluted with water in a ratio of
1:100. Fragment lengths were determined using an ABI
3130xl Genetic Analyser, the GeneScan-600 LIZ Size
Standard and the software GENEMAPPER (Applied
Biosystems, Foster City, CA).

In addition, the mitochondrial cyt b gene was sequenced
in cases where the data for the same samples were not
available from a previous study (Fritz et al. 2008). The
respective mtDNA fragment was amplified for 43 samples
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(Table S1) using the primer pair CytbG (Spinks et al. 2004)
and mt-f-na (Fritz et al. 2006). PCR was performed in a final
volume of 20 μl using 1 U Taq polymerase (Bioron) with
the buffer recommended by the supplier and a final concen-
tration of 0.2 mM of each dNTP (Fermentas), 0.5 μM of
each primer and ca. 10–40 ng total DNA. The PCR cycling
conditions were as follows: 35 cycles with denaturation at
95 °C for 45 s but 5 min for the first cycle, annealing at 58 °
C for 45 s, and extension at 72 °C for 1 min but 10 min for
the final cycle. PCR products were purified with the
ExoSAP-IT enzymatic cleanup (USB Europe, Staufen,
Germany) and sequenced using the forward primer mt-c-
For2 (Fritz et al. 2006) and the newly designed reverse
primer RI-neu (5'-GTG AAG TTG TCT GGG TCT CCT
AG-3') on an ABI 3130xl using the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems). The resulting
mtDNA fragments had a length of approximately 1,040 bp.
Individual sequences were aligned in BIOEDIT 7.0.5.3 (Hall
1999), collapsed manually into haplotypes and merged with
previously published data (see Fritz et al. 2008 for GenBank
accession numbers).

For one previously published cyt b sequence
corresponding to a distinct haplotype (Fritz et al. 2008), no
microsatellite data could be produced because the sample
was used up. However, its cyt b sequence was included in
the respective analyses of mtDNA (Table S1).

Data analyses

To ass'ess population structure, our microsatellite data were
subjected to cluster analysis using STRUCTURE 2.3.2 (Falush
et al. 2003, 2007; Hubisz et al. 2009; Pritchard et al. 2000),
without a priori information about sampling sites. The main
criterion for cluster delineation is the search for groups in
Hardy-Weinberg equilibrium and linkage equilibrium. The
search is conducted for each locus separately, which allows
admixtures to be detected. The optimal number of clusters
was revealed using posterior probabilities [highest lnP(D)]
and the ΔK method of Evanno et al. (2005). Considering the
number of distinct collection sites (37), the population struc-
ture was modelled using an upper bound of 40 and an
admixture scenario with allele frequencies correlated, allow-
ing the individuals to have mixed ancestries. The burn-in
was set to 25×104 and the number of further MCMC runs to
75×104. Calculations were repeated ten times for each K
ranging from 1 to 40; convergence of likelihood values was
reached after the burn-in. Clustering results and individual
admixture were visualized using bar plots. Individuals be-
low a threshold of 80 % for cluster membership (Randi
2008) were treated as having mixed ancestries. Each

STRUCTURE cluster and populations with sufficient individual
numbers were tested for null alleles using MICRO-CHECKER

2.2.3 (van Oosterhout et al. 2004). Since null alleles were
detected for some loci, the data set was re-analysed in

STRUCTURE by coding null alleles as recessive (Falush et
al. 2007) and otherwise using the same settings as above.

The demographic history of M. caspica was examined
using MSVAR 1.3 (Beaumont 1999; Storz and Beaumont
2002). This software is based on a Bayesian coalescent
method and allows historical changes in effective population
size of the studied population to be inferred using observed
allele distributions and frequencies under the assumption
that a stable population with a determinate size (N1) started
to decrease or increase linearly or exponentially some time
ago (T) towards the current population size (N0). Based on
this premise and using the Markov chain Monte Carlo
approach, MSVAR estimates N0, N1 and T. Mutation rates
(θ02N0μ) are assumed under the stepwise mutation model
and, as the other parameters, are inferred separately across
loci using priors with lognormal distributions. For inferring
founder and bottleneck processes, the exponential growth
model was applied. Based on the estimates of Bannikov
(1951), generation time was set to 10 and 15 years. To
examine the stability of results, the program was run four
times with 2×104 iterations using the two generation times
and different ranges of uninformative priors and hyperpriors
(Table S2). The first 10 % of all iterations were discarded to
avoid bias in parameter estimation due to starting conditions.
The distribution of the remaining data was plotted against
prior distributions to evaluate the consistency among different
runs and to obtain the lower (10 %), the median (50 %) and
upper quantile (90 %) of the posterior distributions. Given that
genetic structure can generate false bottleneck signals (Chikhi
et al. 2010), the data set was divided and analyses run inde-
pendently for each of the four STRUCTURE clusters.

Mutational relationships of mitochondrial sequences
were examined by parsimony network analysis as imple-
mented in TCS 1.21 (Clement et al. 2000).

Based on the STRUCTURE clusters, diversity and divergence
parameters were estimated for microsatellite and mitochondri-
al haplotype data. To compare the number and size of micro-
satellite alleles, a frequency table was produced using

CONVERT 1.31 (Glaubitz 2004). Locus-specific observed
(HO) and expected heterozygosities (HE) were estimated in

ARLEQUIN 3.11 (Excoffier et al. 2005) and the same software
was used to perform a locus-by-locus analysis of molecular
variance (AMOVA; 10,000 permutations). Deviations from
Hardy-Weinberg equilibrium were assessed using GENEPOP

4.0 (Rousset 2008), and the same software was used for
determining locus-specific excess or deficiency of heterozy-
gotes as expressed by the inbreeding coefficient FIS (Weir and
Cockerham 1984). Statistical significance of FIS values was
tested using FSTAT 2.9.3.2 (Goudet 1995). Exact P values for
these inbreeding coefficients were estimated by the Markov
Chain method (1,000 dememorization steps followed by
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100,000 iterations) and resulting values were again
Bonferroni-corrected. Finally, values for locus-specific allelic
richness were calculated with the software FSTAT. Frequencies
of mitochondrial haplotypes were obtainedwith ARLEQUIN and
then used for an AMOVA (10,000 permutations). Mitochondrial
nucleotide and haplotype diversities within STRUCTURE clus-
ters were determined in DNASP 5.0 (Librado and Rozas 2009).

Results

Population structuring

Microsatellites

Length polymorphisms at 14 microsatellite loci of 124 ter-
rapins from 37 sites were subjected to Bayesian cluster
analyses in STRUCTURE 2.3.2 using two different approaches.
In a first naïve approach, the raw data were not corrected for
null alleles and, in the second approach, null alleles were
coded as recessive as suggested by Falush et al. (2007). The
results of both methods were largely concordant and sug-
gested a pronounced population structuring.

For the dataset without correction for null alleles, the
highest mean posterior probability was obtained for K09,
and for the dataset with null alleles coded as recessive, K06.
However, the ΔK method of Evanno et al. (2005) revealed
clearly lower values. Then, for the uncorrected data set the
optimal number of clusters was four, whereas three was
suggested as optimal for the data set corrected for null
alleles (Fig. 1). In the following, we present and use the
results of the ΔK method, because it is known that the
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Fig. 1 ΔK values for K ranging from 1 to 9, showing the modal values
for the runs corrected for null alleles (solid line) and the naïve runs
(dashed line) of STRUCTURE

Fig. 2 Population structuring in Mauremys caspica for K04 (top)
from the STRUCTURE run with the highest probability value. Within
each cluster, an individual terrapin corresponds to one column that
reflects its inferred ancestry. Individuals with mixed ancestries (below
a threshold of 80 % for cluster membership) are indicated by asterisks.
Colours of sampling sites in the map (bottom) correspond to STRUC-

TURE clusters; slices indicate presence of individuals with mixed ances-
tries of respective clusters. Mixed ancestries are also indicated by
shared subsets of lines encircling symbols. Upper-case letters refer
to clusters; LM to terrapins from the local market of Bahrain. When
null alleles are coded as recessive, clusters A and B are lumped together
and two individuals with mixed ancestry are referred to this more
inclusive cluster (cf. Table S1)

Fig. 3 Posterior distributions of population demographic parameters
for Mauremys caspica using MSVAR. Each line corresponds to the sum
of posterior distributions of the four runs obtained for each cluster;
colour code as in Fig. 2. Top Posterior distribution of the estimated
time (in years ago) for each bottleneck. Bottom Posterior distribution of
ancestral (N1) and present (N0) effective population sizes
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highest posterior probabilities may overestimate population
structuring (Evanno et al. 2005; Falush et al. 2003).
However, when the cluster assignments of the ΔK method
were compared with those based on posterior probabilities,
it was obvious that the latter results corresponded largely to
a finer substructuring within the clusters of the ΔK method
(Figs. 2, S1).

In the STRUCTURE runs without correction for null alleles,
terrapins from Central Anatolia (Fig. 2: cluster A) were
clearly distinct from all other terrapins, with very weak
indication for any admixture. Terrapins from Eastern
Turkey and Syria constituted another cluster (Fig. 2: cluster
B). A third distinct cluster corresponded to terrapins from
Dagestan (Russia), Azerbaijan and Iran (Fig. 2: cluster C),
and the fourth cluster to terrapins from Bahrain and Saudi
Arabia (Fig. 2: cluster D). However, four terrapins obtained
from the local pet market of Bahrain (Fig. 2: LM) were
assigned to cluster B, while terrapins from geographically
intermediate sites of clusters B, C and D, and from south-
ernmost Iran, were revealed to have mixed ancestries. In the
runs with null alleles coded as recessive, clusters A and B
were lumped together and two terrapins with admixed an-
cestry were referred to this more inclusive cluster A*, but
otherwise the results remained unchanged (Table S1).

When demographic history was inferred for the four
clusters using MSVAR, an approximately 8,000- to 20,000-
year-old bottleneck was suggested for clusters A, B and C.
For cluster D a younger bottleneck was inferred that dated
only to some 4,000 years ago (Fig. 3; Table 1). Posterior
densities of N0, N1 and T were largely consistent over the
runs with different starting conditions (Table S3).

MtDNA

The 125 cyt b sequences corresponded to 14 distinct hap-
lotypes. Ten of these haplotypes had already been identified
by Fritz et al. (2008); GenBank accession numbers of the
four new haplotypes are HE800433–HE800436. Parsimony
network analysis assigned the 14 haplotypes to two distinct
clusters. One haplotype cluster is distributed in the west, and
the other in the east of the species’ range (Fig. 4). The
geographical distribution of each haplotype cluster largely
matches the composite ranges of two microsatellite clusters
for K04 (Fig. 2), and accordingly the western haplotype

cluster corresponds to microsatellite cluster A* when null
alleles are coded as recessive (K03). Private haplotypes
occurred in all microsatellite clusters (Table 2).

In the network, the two clusters were separated by a
minimum of 10 mutational steps (Fig. 4); within the western
cluster, a maximum of 4 steps occurred, and within the
eastern cluster, 11 steps. The greatest outgroup probability
(0.2796) had haplotype 1, which therefore could be the
ancestral haplotype.

At most collection sites not more than one haplotype was
found, and only at three localities distinct haplotypes were
syntopic (Fig. 4). Six out of the nine haplotypes of the
eastern cluster occurred around the Persian Gulf, and at
two Gulf localities more than one haplotype was present.
At one Syrian site, four haplotypes occurred together, and
two of these haplotypes were found only there (haplotypes 5
and 6). This site was also the only one harbouring haplotypes
of the western and eastern cluster together.

Table 1 Demographic inference
for Mauremys caspica using
MSVAR (means for each parame-
ter over the four different runs,
cf. Tables S2 and S3)

Cluster N0 50 % (10–90 %) N1 50 % (10–90 %) T (years) 50 % (10–90 %)

A 398.1 (158.5–1,258.9) 39,810.7 (12,589.3–100,000.0) 19,952.6 (6,309.6–79,432.8)

B 1,000.0 (199.5–3,162.3) 39,810.7 (19,952.6–100,000.0) 7,943.3 (1,258.9–31,622.8)

C 794.3 (251.2–1,995.3) 15,848.9 (5,011.9–39,810.7) 15,848.9 (2,511.9–79,432.8)

D 316.2 (63.1–1,258.9) 31,622.8 (10,000.0–79,432.8) 3,981.1 (1,000.0–12,589.3)

Fig. 4 Distribution of mitochondrial haplotypes ofMauremys caspica.
Green symbols correspond to the western haplotype cluster; beige
symbols, to the eastern cluster. The overlapping symbols (arrow)
represent a syntopic occurrence of haplotypes of the two clusters.
Numbers indicate individual haplotypes; numbers separated by
slashes, syntopic occurrences of respective haplotypes. New haplo-
types identified in the present study are numbers 11–14. Inset Parsi-
mony network showing mutational relationships of haplotypes. Symbol
size corresponds to haplotype frequency. Small black circles are miss-
ing node haplotypes. Unless otherwise indicated, lines connecting
haplotypes represent one mutational step
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Diversity within and divergence among structure clusters

Terrapins of mixed ancestry were excluded from the follow-
ing analyses. All 14 nuclear microsatellite markers were
found to be in linkage equilibrium for each STRUCTURE

cluster under K04 and K03. Numbers of alleles per locus
ranged from 6 to 19. From a total of 177 alleles, 65 private
alleles were found for K04, and 68 private alleles were
found for K03 (Table 2).

For K04, clusters B and D had the highest number of
private alleles and the highest diversity indices of micro-
satellites. With respect to mtDNA, cluster B had also the
highest haplotype and nucleotide diversities. For K03, the
more inclusive cluster A* hadmost private alleles and the high-
est diversity values for microsatellites and mitochondrial data.

For K04, average FST values among the clusters ranged
from 0.13 to 0.25 for microsatellites and from 0.53 to 0.97
for cyt b sequences (Table 3). For microsatellites, the AMOVA

indicated that 22 % of the observed global variation
occurred among clusters and 78 % within clusters. For
mitochondrial haplotypes, 75 % of the variation occurred
among clusters and 25 % within clusters. For K03, fixation

indices ranged from 0.12 to 0.25 for microsatellites and
from 0.53 to 0.66 for mitochondrial data (Table 4). For
microsatellites, the AMOVA found 18 % of the variation to
occur among clusters and 82 % within clusters. For mito-
chondrial data, the respective values were 63 % (among
clusters) and 37 % (within clusters).

Discussion

Our study confirms the earlier finding (Fritz et al. 2008) that
Mauremys caspica has a weak phylogeographic structure at
the mitochondrial level, with one haplotype cluster in the
west and another one in the east of its range. By contrast,
information from 14 polymorphic microsatellite loci sug-
gests a more complicated pattern with three or four distinct
clusters, and we cannot exclude that a denser sampling in
central and southern Iran and the inclusion of Iraqi samples
will reveal further genetic diversity.

While naïve STRUCTURE analyses resulted in four clusters,
only three clusters were suggested when null alleles were
coded as recessive. However, the four cluster pattern makes

Table 2 Genetic diversity of STRUCTURE clusters based on 14 micro-
satellite loci and 1,040 bp of the mitochondrial cyt b gene. n Number of
individuals, nA number of alleles, nĀ average number of alleles, nP
number of private alleles, AR allelic richness, HO average observed
heterozygosity, HE average expected heterozygosity, FIS average

inbreeding coefficient, nH number of haplotypes (private haplotypes
bracketed), hd haplotype diversity, nd nucleotide diversity. Terrapins
with mixed ancestry excluded. All FIS values were statistically
significant

Cluster n Microsatellites mtDNA

nA nĀ nP AR HO HE FIS nH hd nd

K04

A 16 67 4.00 6 4.79 0.44 0.55 0.19 2 (1) 0.592 0.0022

B 22 125 5.70 28 8.30 0.59 0.77 0.25 6 (5) 0.724 0.0071

C 41 87 2.12 10 4.93 0.46 0.57 0.17 3 (1) 0.096 0.0007

D 38 110 2.89 21 6.50 0.59 0.70 0.16 4 (3) 0.324 0.0004

K03

A* a 40 145 3.63 38 10.27 0.52 0.76 0.32 8 (7) 0.817 0.0070

C 41 87 2.12 9 7.86 0.46 0.57 0.17 3 (1) 0.096 0.0007

D 38 110 2.89 21 6.12 0.59 0.70 0.16 4 (3) 0.324 0.0004

a A*, more inclusive cluster after coding null alleles as recessive. A* embraces clusters A and B plus two terrapins inferred of mixed ancestry underK = 4

Table 3 Pairwise FST values between STRUCTURE clusters based on
microsatellite data (below diagonal) and cyt b sequences (above diag-
onal) for K04. Individuals with mixed ancestries not considered

A B C D

A - 0.56 0.95 0.97

B 0.21 - 0.57 0.63

C 0.25 0.21 - 0.53

D 0.24 0.13 0.25 -

Table 4 Pairwise FST values between STRUCTURE clusters based on
microsatellite data (below diagonal) and cyt b sequences (above diag-
onal) for K03. Individuals with mixed ancestries not considered.
Cluster A* includes clusters A and B of Table 3 plus two individuals
inferred of mixed ancestry under K04

A* C D

A* - 0.62 0.66

C 0.16 - 0.53

D 0.12 0.25 -
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biological sense. The additional divide between Central
Anatolia (cluster A) and the neighbouring populations from
Eastern Turkey and Syria (cluster B) coincides with the so-
called ‘Anatolian diagonal’—a well-known high mountain
barrier impeding exchange between western and eastern
taxa (Ansell et al. 2011; Davis 1971; Ekim and Güner
1986). Considering the current aggravation of the environ-
mental situation throughout the range of M. caspica
(Bayazit and Avci 1997; Beaumont 1998; Garstecki and
Amr 2011; Harmancioğlu et al. 2001; Hashemi et al.
2012), we suggest therefore that all four microsatellite clus-
ters (Fig. 2) should be treated as distinct management units,
pending further sampling in southern and central Iran and in
Iraq. The recognition of four management units is also
supported by similar FST values and the demographic sce-
narios of all four STRUCTURE clusters (Fig. 3; Table 3).

Despite the growing number of studies focusing on the
phylogeography of Turkish biota (see the recent review by
Ansell et al. 2011), our knowledge of the Near and Middle
East is still quite poor. This is especially true for Syria,
Saudi Arabia, Iraq and Iran, from where only few studies
for freshwater-associated animal species, like fishes (Hrbek
and Meyer 2003), frogs (Gvoždík et al. 2010), water snakes
(Guicking et al. 2009) or freshwater turtles (Fritz et al. 2008)
are available. With respect to Turkey, there is emerging
evidence that Central Anatolia harboured during glacial
phases open steppe vegetation, providing suitable refuges
for temperate animal and plant species (Ansell et al. 2011),
as indicated, among others, by the presence of genetically
diverse populations of the European pond turtle (Emys orbi-
cularis; Fritz et al. 2009) and cluster A of M. caspica.

Fritz et al. (2008) hypothesized that outside Central
Anatolia two further glacial refugia had existed, namely (1)
in the Caucasus and along the southern shore of the Caspian
Sea; and (2) all around the Persian Gulf. While our new
microsatellite data confirm a distinct genetic entity for the
eastern Caucasus region and northern Iran, the pattern around
the Gulf is more complicated than previously thought. The
terrapins from Saudi Arabia and Bahrain turned out to be
clearly different from their conspecifics in southern Iran and
the upper courses of Euphrates and Tigris, with evidence for
admixture at geographically intermediate collection sites. The
distinctiveness of these Arabian terrapins is also supported by
the occurrence of private mitochondrial haplotypes (Table 2)
and their demographic history (Table 1).

Bottlenecks 4,000–20,000 years ago corroborate that the
climatic fluctuations of the Late Pleistocene and Holocene
played an important role in shaping the current genetic
diversity of M. caspica all over the range. The youngest
bottleneck, approximately 4,000 years ago, was inferred
for Arabian terrapins. This date coincides largely with the
onset of the current phase of increasing aridity in the
Arabian Peninsula, which commenced about 5,500 years

ago after an earlier humid period (Preusser 2009). This
event obviously led to a contraction of a formerly larger
and more widespread Arabian metapopulation.

All of these lines of evidence clearly contradict previous
speculations that the Arabian populations, confined to oasis
complexes, are introduced (Gasperetti et al. 1993). Four pet
trade terrapins obtained in Bahrain, however, were clearly
distinct from the native Arabian populations, and were
assigned to the Euphrates-Tigris cluster B by microsatellite
data (Fig. 2). This situation highlights the danger of genetic
pollution, which is particularly imminent in the endangered
Arabian populations. Red-eared sliders (Trachemys scripta
elegans) and cichlids have been already introduced into
their habitats (Anon. 2003), suggesting that the release of
non-native M. caspica is only a question of time.

Moreover, our results are in accord with the conclusion of
Fritz et al. (2008) that genetic data do not support the validity of
any of the three morphologically defined subspecies of M.
caspica. Fritz and Wischuf (1997) distinguished a northern
and two southern subspecies but their distribution ranges
conflict both with the geographical distribution of mitochondrial
haplotype clusters and of themicrosatellite clusters (compare the
map of Fig. 1 in Fritz et al. 2008with our Figs. 2 and 4), which is
why we propose to abandon their usage.
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